Stars and gas in galaxies, hot intracluster medium, and intergalactic photoionized gas make up at most half of the baryons that are expected to be present in the universe. The majority of baryons are still missing and are expected to be hidden in a web of warm-hot intergalactic medium. This matter was shock-heated during the collapse of density perturbations that led to the formation of the relaxed structures that we see today. Finding the missing baryons and thereby producing a complete inventory of possibly the only detectable component of the energy-mass budget of the universe is crucial to validate or invalidate our standard cosmological model.
required to close the Universe) is composed primarily of "dark" energy (70 %) and "dark" matter (25 %), both dubbed "dark" as a reflection of our inability to directly detect and identify them. Less well known is that the situation is only marginally better for the universe's remaining 5 % of detectable matter.
As baryons -the protons and atomic nuclei that constitute the ordinary matter of which stars, planets, and ourselves are made -this remaining matter should, in principle, be in a form that we can detect and measure in its physical state. We know from absorption line spectroscopy of distant quasars that clouds of baryons were present in the early universe about 10 billion years ago (redshift z 2) (3, 4) , in the form of photo-ionized diffuse intergalactic gas, accounting for at least three-quarters of the total baryon mass in the universe as inferred by both cosmic microwave background anisotropies (1, 2) and "bigbang nucleosynthesis" predictions when combined with observed light-element ratios at z > 2 (5) (Ωb > 3.5 %, i.e. > 73 % of the estimated baryon mass in the Universe). However, these clouds of photo-ionized intergalactic gas have become more and more sparse as time moved towards the present and structures (galaxies, galaxy groups, and clusters) started to be assembled. Only a small fraction of the baryons that were present in the intergalactic medium at z > 2 are now found in stars, cold or warm interstellar matter, hot intracluster gas and residual photo-ionized intergalactic medium. Today we can account for less than 50 % of the baryon mass predicted by the SCM, implying that at least 50 % of the baryons are now "missing" (6,7) (Figure 1 ).
The leading theory of cosmological structure formation (known as Λ-CDM; or, cold dark matter models including dark energy, designated by the cosmological constant Λ) predicts that, as the universe evolves toward present and density perturbation grows to form structures, baryons in the diffuse intergalactic medium accelerate toward the sites of structure formation under the growing influence of gravity and go through shocks that heat them to temperatures of millions of kelvin. These "missing baryons" may have If identifying the mysterious dark energy and dark matter is challenging, then the problem of "missing baryons" is more acute. One could even argue that baryons represent the only directly detectable component of the predicted mass-energy budget of the universe [e.g. (10, 11) ]. Moreover, determining the physical conditions, metal (heavy element) content, dynamics and kinematics of these baryons, as a function of cosmic time, gives us a unique set of tools to study the evolution of large scale structure (LSS) in the universe and the feedback mechanisms of gas ejected from galaxies and quasars onto LSS in the framework of such models [e.g. (12) An alternative, and complementary, way of searching for the "missing mass" in the local universe, is to look for hydrogen absorption in the form of broad Lyα absorbers (BLAs).
At WHIM temperatures most of the H is ionized, but the residual HI (neutral hydrogen)
can still imprint Lyman series absorption onto the UV spectra of background objects; these absorption lines must therefore be broad Further observations are thus required to definitely confirm or rule out the proposed WHIM identifications along this line of sight.
Deep WHIM studies require both the UV and the x-ray bands. The x-ray band is crucial to detect the WHIM systems and derive an accurate ionization correction. The UV band is vital to measure the associated amount of HI and hence the baryonic mass in each system, which otherwise depends on the fraction of heavier elements to hydrogen (the "abundances"). The full potentiality of UV WHIM studies will be available only after the Shuttle Servicing Mission 4 has restored spectral capabilities to the HST: the new COS UV spectrograph will provide spectra of accurately selected bright x-ray targets with S/N sufficient to detect BLAs. In the x-ray band, the situation is far more challenging because future instruments are some way off. Current observational facilities should be first exploited to their limits.
According to theory, chances of finding a WHIM filament along a random line of sight in the universe increases with (i) the crossed path length, between us and the beacon used to obtain x-ray images of the intervening space; and (ii) the inverse of the baryon column density in the filament: the larger the amount of baryons in the filament, the lower the probability of finding one. Observationally, instead, the chances of detecting such systems increase with the square root of (i) the detector throughput (the effective area Alternative baryon reservoirs had been proposed before hydro-dynamical simulations, run in the framework of a Λ-CDM universe, became available, which include, for example, large amounts of cold molecular gas around galaxies (23) or tenuous intragroup hot gas [e.g. (7)]. However, these scenarios clash with the outcome of Λ-CDM simulations, which all agree in predicting the WHIM as the main reservoir of baryons in the local universe. In the next decade we will be in a position to trace all the WHIM baryons in the universe and so either see whether the missing baryon problem still holds or validate theoretical predictions and the SCM.
